Two new phenylpropanoid glycosides were isolated from the leaves and stems of Juniperus communis var. depressa (Cupressaceae) along with 14 known compounds. Their structures were determined by spectral analyses, in particular by 2D-NMR spectral evidence.
In a survey of chemical components from useful plants grown in western North America, we have reported a number of chemical compounds (nine phenylpropanoids, six neolignans, fourteen flavonoids, seven catechins, and five terpenoids) from the leaves and stems of Juniperus communis var. depressa (Cupressaceae). [2] [3] [4] [5] [6] In our continuing study on this plant, two new phenylpropanoid glycosides (1 and 4), were isolated together with six known phenyl propanoides (2, 3, 5-8), two known phenolic compounds (9, 10), and six known lignans (11) (12) (13) (14) (15) (16) . This paper describes the structural elucidation of the new compounds as well as the characterization of the absolute structures of three lignans (11, 12, 14) based on NMR and circular dichroism (CD) spectral evidence.
The n-BuOH soluble part of the MeOH extract was separated by a combination of silica gel, octadecyl silica gel (ODS), and Sephadex LH-20 column chromatographies, followed by HPLC separation, to afford two new compounds (1 and 4) and 14 known compounds (2, 3, 5-16). The known compounds were identified as junipediol B 8-O-b-D-glucopyranoside (2), 7) junipediol A 8-O-b-D-glucopyranoside (3), 7) (7S,8S)-guaiacylglycerol (5), 8, 9) junipetrioloside A (6), 10) trans-coniferyl aldehyde (7), 11) 2-[4-(3-hydroxypropyl)-2-methoxyphenoxy]-1,3-propanediol (8) , 12) vanillin (9), 13) arbutin (10), 13) (2S,3R)-2,3-dihydro-7-hydroxy-3-hydroxymethyl-2-(4Ј-hydroxy-3Ј-methoxyphenyl)-5-benzofuranpropanol 4Ј-O-b-D-glucopyranoside (13), 14) (2R,3S)-2,3-dihydro-3-hydroxymethyl-7-methoxy-2-(4Ј-hydroxy-3Ј-methoxyphenyl)-5-benzofuranpropanol 4Ј-O-b-D-glucopyranoside (15) , 15) and cupressoside A (16) 16) by comparison of physical data with literature values and spectroscopic evidence. The structures of the isolates (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (Table 1 ). In addition, long-range correlations between H-7/C-1 and H 2 -10/C-3, C-4 were observed in the heteronuclear multiple bond correlation spectroscopy (HMBC) spectrum (Fig. 1) . Based on this spectral evidence, the aglycone of 1 was determined to be junipediol B.
7) The position of the glycosyl moiety in 1 was decided by the following HMBC and nuclear Overhauser enhancement spectroscopy (NOESY) experiments (Fig. 1) , in which the HMBC correlations (H-1Ј/C-8 and H-1Љ/C-6Ј) as well as the NOESY correlations (H-1Ј/H 2 -8 and H-1Љ/H 2 -6Ј) were observed. Therefore the a-L-arabinofuranosyl-(1→6)-b-D-glucopyranosyl moiety was connected to 8-hydroxyl group of junipediol B through a glycosidic bond. In the 1 H-and 13 C-NMR spectrum, anomeric proton and anomeric carbon signals of both glucose and arabinose in 1 appeared as sets of signals, respectively. This is attributed to the presence of the diastereomers as a result of the glycosidation at 8-hydroxy group of the achiral junipediol B. 7) Attempts to separate both diastereomers were unsuccessful. In conclusion, the structure of 1 was determined to be junipediol
Compound 4, a white amorphous powder, showed the [MϪH]
Ϫ ion peak at m/z 427.1615 in the negative ion HR-FAB-MS, corresponding to the molecular formula of 3) However, in the 1 H-NMR spectrum, the coupling constant between H-7 and H-8 (Jϭ11.6 Hz) in 4 was smaller than that of rosarin (Jϭ15.9 Hz), indicating the H-7/H-8 cis configuration of the aglycone. Thus the structure of 4 was concluded to be cis-cinnamyl
Compound 11, a white amorphous powder, gave the [MϪH] Ϫ ion peak at m/z 545.1667 in the negative ion HR-FAB-MS, indicating the molecular formula to be C 27 H 30 O 12 .
In addition, the negative ion FAB-MS gave a fragment peak lignans afforded the positive Cotton effect around 280-290 nm, while 7b-aryl (ϭ7S) derivatives showed the negative Cotton curve in the CD spectrum. 17, 18) Consequently, 11 showed a positive Cotton effect at 288 nm and hence, the absolute configuration at C-7 was determined to be R. The large coupling constant between H-8 and H-8Ј (Jϭ13.8 Hz) as well as the NOESY correlations between H-2, H-6 and H-8Ј (Fig. 2) indicated the H-8/H-8Ј trans-configuration. Therefore, the absolute configurations of C-8 and C-8Ј were assigned as both R. Based on the evidence, the structure of 11 was determined to be (7R,8R,8ЈR)-4-demethyldeoxypodophyllotoxin 4-O-b-D-glucopyranoside. Up to now, 4-demethyldeoxypodophyllotoxin 4-O-glucopyranoside, having the same planar structure as the aglycone part in 11, have already been isolated from Podophyllum emodi, 19) P.
peltatum, 19) and P. versipelle. 20) However, in these papers, unambiguous structural determination procedures were not discussed and hence the absolute structure of 11 is represented here for the first time.
Compound 12, a white amorphous powder, gave a molecular formula of C 26 H 34 O 10 based on the [MϪH] Ϫ ion peak at m/z 505.2073 in the negative ion HR-FAB-MS. The 1 H-and 13 C-NMR spectra suggested that 12 was a dihydrobenzofuran-type neolignan glycoside carrying an a-L-rhamnopyranosyl moiety as a sugar part ( Table 3 ). The structure of the aglycone in 12 was elucidated from 1 H-1 H COSY and HMBC experiments (Fig. 3 ). The relative configurations of H-2 and H-3 were determined to be trans based on the NOESY correlations (H-2/H 2 -3a and H-3/H-2Ј, H-6Ј) (Fig.  3) . The positive Cotton effect at 241 nm in the CD spectrum assigned the absolute stereochemistries of C-2 and C-3 to be S and R, respectively. 15) In conclusion, the structure of 12 is determined to be (2S,3R)-2,3-dihydro-3-hydroxymethyl-7-methoxy-2-(4Ј-hydroxy-3Ј-methoxyphenyl)-5-benzofuranpropanol 3a-O-a-L-rhamnopyranoside. Dihydrobenzofurantype neolignan rhamnosides, having the same plane structure as the aglycone part in 12, have already been isolated from Pinus massoniana, 21) Baseonema acuminatum, 22) and Junipe- rus polycarpus. 23) However, in these papers, the absolute configurations on the dihydrobenzofuran ring were not discussed and hence the absolute structure of 12 based on CD analyses is represented here for the first time.
Compound 14, a white amorphous powder, had the molecular formula C 26 H 34 O 11 , which was determined based on the [MϪH] Ϫ ion at m/z 521.2038 in negative ion HR-FAB-MS. The 1 H-and 13 C-NMR spectral data exhibited the presence of a b-D-glucopyranosyl moiety as the sugar part. In addition the 1 H-and 13 C-NMR spectral data of the aglycone of 14 was almost same with those of 12 ( Table 3 ). The CD Cotton curve of 14 was opposite to that of 12, suggesting that the aglycone of 14 was the enantiomer of the aglycone of 12. On the basis of the above evidence as well as the precise spectroscopic analyses, the structure of 14 was determined to be (2R,3S)-2,3-dihydro-3-hydroxymethyl-7-methoxy-2-(4Ј-hydroxy-3Ј-methoxyphenyl)-5-benzo-furanpropanol 5c-O-b-Dglucopyranoside. Calis et al. reported the isolation of a dihydrobenzofuran-type neolignan glucoside having the same structure as 14 from Phlomis viscose. 24) However, no chemical and spectral data of this compound were provided in the report. Thus the 1 H-and 13 C-NMR assignments in Table 3 and other physical properties in the experimental are reported here for the first time.
Experimental
1 H-and 13 C-NMR spectra were measured on a JEOL JNM-ECA 600 ( 1 H at 600 MHz and 13 C at 150 MHz) or JEOL JNM-GX 400 ( 1 H at 400 MHz and 13 C at 100 MHz) spectrometer. Chemical shifts are given in d values (ppm) relative to tetramethylsilane (TMS) as an internal standard. FAB-and HR-FAB-MS spectra in negative mode (matrix, triethanolamine) were obtained with a JEOL JMS-700T spectrometer. Optical rotations were recorded on a JASCO P-1020 polarimeter and CD spectra on a JASCO J-805 spectropolarimeter, respectively. IR and UV spectra were measured on JASCO FT/IR-410 and Shimadzu UV-1600 UV/VIS spectrophotometers, respectively. For column chromatography, silica gel 60 (230-400 mesh, Merck), Chromatorex ODS DM1020T (100-200 mesh, Fuji Silysia), and Sephadex LH-20 (Amersham Biosciences) were used. Kiesel gel 60 F 254 (Merck) and RP-18 F 254 (Merck) were used for analytical TLC. Preparative HPLC was performed on a JAI LC-918 instrument with an RI-50 differential refractometer and a JAIGEL-ODS or a JAIGEL-GS 310 column, and also on a JASCO PU-2086 instrument with an RI-2031 differential refractometer and a TSK gel ODS-80 T S column.
Plant Material The leaves and stems of J. communis var. depressa were collected in July 1997, in Oregon, U.S.A. A voucher specimen (Murata et al., No. 053) was deposited in the Herbarium, Botanical Gardens, The University of Tokyo (TI), Japan.
Extraction and Isolation The dried and cut materials (2.4 kg) were extracted three times with MeOH (18 lϫweekly) at room temperature. The MeOH solution was evaporated in vacuo to afford a dark greenish extract (488 g), an aliquot (202 g) of which was partitioned between n-hexane and MeOH. The MeOH-soluble part (130 g) was further partitioned between nBuOH and water. The resulting n-BuOH extract (76 g) was chromatographed on silica gel and eluted with CHCl 3 -MeOH-H 2 O (7 : 3 : 1, a lower phase) to give 10 fractions (for each fraction, the abbreviations from A to J are used). Fraction D (1.32 g) was divided into 5 subfractions (from D-1 to D-5) with a Sephadex LH-20 column eluted with MeOH. Fraction D-2 was purified by repeated HPLC separation using JAIGEL-GS column (eluted with 50% MeOH) to give 11 (12.0 mg) and another crude fraction. The crude fraction was further purified with HPLC (JAIGEL-ODS; eluted with 60% MeOH) to give 8 (0.9 mg). Fraction E (4.21 g) was divided into two subfractions (E-1 and E-2) with a Sephadex LH-20 column eluted with acetone. Fraction E-2 was separated with Sephadex LH 20 column chromatography (eluted with 70% Acetone) into four subfractions. Subfraction 2 was applied to ODS column chromatography eluted with 60% MeOH to afford six fractions. The sixth fraction was further purified with HPLC (JAIGEL-ODS; eluted with 50% MeOH) to give 12 (8.3 mg). Subfraction 4 was further purified with HPLC (JAIGEL-GS; eluted with 60% MeOH) to give 16 (6.4 mg). Fraction F (6.2 g) was subsequently fractionated with silica gel column chromatography [CHCl 3 -MeOH-H 2 O (9 : 3 : 1, a lower phase)] into two subfractions (F-1 and F-2). Fraction F-2 was separated with Sephadex LH-20 column chromatography (eluted with MeOH) followed by ODS column chromatography (eluted with 50% MeOH) to afford three subfractions. Subfraction 1 was further purified with HPLC (JAIGEL-GS; eluted with MeOH) to give 7 (3.8 mg) and 9 (3.8 mg). Subfraction 3 was further purified with HPLC (JAIGEL-GS; eluted with 50% MeOH) to give 5 (3.3 mg) . The fraction G (8.8 g) was applied onto a Sephadex LH-20 column (eluted with MeOH) followed by ODS column chromatography (eluted successively with 50% MeOH, 70% MeOH and MeOH) to divide five subfractions (from G-1 to G-5). Fraction G-3 was separated with ODS column chromatography (eluted with 50% MeOH) into four subfractions. Subfraction 3 was applied to ODS column chromatography (eluted with 40% MeOH) and HPLC (JAIGEL-GS; eluted with 50% MeOH) to afford four subfractions. The second fraction was further purified with HPLC (TSK gel ODS-80 T S ; eluted with 50% MeOH) to give 2 (23.3 mg). The fourth fraction was further purified with HPLC (TSK gel ODS-80 T S ; eluted with 50% MeOH), followed by HPLC (JAIGEL-GS; eluted with 50% MeOH) to afford 14 (1.8 mg). Subfraction 4 was further purified with HPLC (JAIGEL-ODS; eluted with 50% MeOH) to give 15 (6.4 mg). Fraction G-5 was subjected to ODS column chromatography (eluted with 50% MeOH) to separate three subfractions. Subfraction 1 was further purified by HPLC (JAIGEL-ODS; eluted with 50% MeOH) to give 4 (2.4 mg). Fraction H (10.8 g) was divided into 13 fractions (from H-1 to H-13) with ODS column chromatography eluted with 50% MeOH. Fraction H-8 was purified by ODS column chromatography (eluted with 50% MeOH) to be divided into six subfractions. Subfraction 4 was further purified by HPLC (JAIGEL-GS; eluted with 50% MeOH) to give 1 (14.5 mg). Fraction H-9 was subsequently fractionated with silica gel column chromatography [CHCl 3 -MeOH-H 2 O (7 : 3 : 1, a lower phase)] into four subfractions. Subfraction 1 was divided into two fractions with ODS column chromatography eluted with 15% MeOH. The latter fraction was further purified by HPLC (TSK gel ODS-80 T S ; eluted with 15% MeOH) to give 6 (22.3 mg). Subfraction 2 was subjected to ODS column chromatography eluted with 30% MeOH, followed by HPLC (TSK gel ODS-80 T S ; eluted with 15% MeOH) to afford 3 (17.8 mg) and 10 (4.0 mg). Subfraction 3 was divided into three fractions with HPLC (JAIGEL-GS; eluted with 50% MeOH) and the resulting second fraction was purified by HPLC (TSK gel ODS-80 T S ; eluted with 40% MeOH) to give 13 (7.2 mg 
